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The Diversity of Four Anti-nutritional Factors in Kidney Bean
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Abstract: Anti-nutritional factors such as lectins, saponin, trypsin inhibitor and phytic acid are
endogenous substances in kidney bean (Phaseolus vulgaris L.) . In this study, the contents or activities of
these four anti-nutritional factors in fresh pods were detected in 56 selected cultivars. The results revealed
significant difference of each factor in the tested cultivar population. The mean value of lectin content and
the activity of trypsin inhibitor was 1.743 mg - g and 1.680 mg - g respectively. Their coefficients of
variation (CV) were both more than 100% and each of the cultivar frequency distribution curve showed a
main peak, but the discontinuous distributions in the extremely high and low areas indicate hierarchic
cultivars. However, the content of saponin (mean value 3.730 mg - g ) and phytic acid (mean value 3.102
mg - g') were with CV less than 41%. Each showed a main peak in its normal distribution curve and low

frequency continuous distribution in dual tails. Meanwhile, statistic analysis demonstrated a positive
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correlation between the lectin content and trypsin inhibitor activity in fresh pods. Furthermore, all tested 56
cultivars clustered into three groups based on their level of four anti-nutritional factors, 80% of them into
medium level group, 12% of them into low level group. The endogenous edible toxic compounds, such as
lectin and trypsin inhibitor, are closely related to the insect resistance in field. This study suggested that it
is possible to screen the cultivars contain less lectin and other factors but with reduced the pest resistance
in field.
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Table 1 Source and main characteristic of 56 cultivars of kidney bean

P SVg: 9T B FEZVERFFAE
Source Accession Name Characteristic
R, #iLL Jixian, Tianjin 1 BT LU R, &4, 43¢ Early maturity, trailing, green pod
Xinshuangqingwang Kidney Bean
J"V4, Fi7° Nanning, Guangxi 2 ¥ VY= Baizi Kidney Bean R, EE, 43¢ Medium maturity, trailing, green pod
L7, XL P Liaoyang, Liaoning 3 F KM Chungiu Dazipao PR, E/E, #3€ Medium maturity, trailing, purple pod
4 97-5 415 F 97-5 Jiadouwang Heh, &4, £45% Barly maturity, trailing, green pod
ik, 4E Xinji, Hebei 5 4 JEF Jinlongwang LA, i/, 43 Early maturity, trailing, green pod
Mk, £ %KL Shijiazhuang, 6 PLIBL T Kangre Jiadou Hah, &7k, 13% Early maturity, trailing, white pod
Hebei
W4k, I Wuhan, Hubei 7 41 1£PUZ= 17 Honghua Kidney Bean 3, &4, J£4¢J¢ Medium maturity, trailing, light green pod
JTdt, PBHJR Yangyuan, Hebei 8 1/ Baibulao R, &/, [13% Early maturity, trailing, white pod
Wb, I Wuhan, Hubei 9 JURLE Jiulibai Hah, &7k, [13% Early maturity, trailing, white pod
Jtst, ZE Huairou, Beijing 10 £t 14 T Jingdian Baifengwang L3, &4, ¥4¢5% Barly maturity, trailing, light green pod
ik, 24E Xinji, Hebei 11 4R 97-5  Jinshulu 97-5 BB, &4, 49 Barly maturity, trailing, light green pod
i, I FH Liaoyang, Liaoning 12 K53k 97-5  Jingxuan 97-5 Flah, B/, ¥RZESE Early maturity, trailing, light green pod
L7, #iM Jinzhou, Liaoning 13 %7 1% Liiningbaiyun Hah, &7k, [13% Early maturity, trailing, white pod
WAk, B Wuhan, Hubei 14 FERGE 1S R, 4, 43¢ Early maturity, trailing, green pod
Thailand Jiangdouwang 1
17, PLBH Shenyang, Liaoning 15 JURLAT Jiulihong Wk, &4, %3¢ Medium maturity, trailing, purple pod
127, 1B Liaoyang, Liaoning 16 BZR 4 KHE Chaoji Baidajia HpEh, 2R, 3% Medium maturity, trailing, white pod
17 ¢k K Teji Shilichang Heh, &, “55% Barly maturity, trailing, purple pod
W14k, X Wuhan, Hubei 18 WSS5 2, 4% Medium maturity, trailing, light green pod
19 WSI11 7, 4 JE Medium maturity, trailing, light green pod
20 WS20 &4, [ 3 Medium maturity, trailing, white pod
21 WS21 /4, VR Medium maturity, trailing, light green pod
22 WS22 /2, 1RZ45% Medium maturity, trailing, light green pod
23 WS23 &/, 13 Medium maturity, trailing, white pod
24 WS24 /1, #3¢ Medium maturity, trailing, purple pod
25 WS25 &4, Y Medium maturity, trailing, white pod
26 2 R JURL T Gailiang Jiulibai &/F, 19 Medium maturity, trailing, white pod
27 E o JUESIS) B, 43¢ Medium maturity, erection, green pod
Chungiu Wujia Kidney Bean
28 Febuts )z A PR, EE, 43€ Medium maturity, trailing, green pod
Xinxuan Liilong Jiadou
29 J5i M ZF Yuanzhong Didouwang 1%, %&£, 3% Medium maturity, erection, white pod
30 REREGE2 5 ik, R, £4E3E Medium maturity, trailing, green pod
Thailand Jiadouwang 2
31 T F 6 +5 Jiadouwang 6 R, &, 43¢ Medium maturity, trailing, green pod
2 [ America 32 Garden Bean Gold Rush gk, B4, VRERIE Barly maturity, erection, light green pod
33 Garden Bean Blue Lake 274 BB, %4, R4 Early maturity, erection, light green pod
34 Garden Bean Blue Lake Stringless  Bf#h, £/, %t5% Late maturity, trailing, green pod
35 Garden Bean Improved Tender Green -3, %/, k4¢3 Early maturity, erection, light green pod
36 Garden Bean Kenducky Wonder &/, 2% Late maturity, trailing, green pod
37 Bean State Half Runner &, ¢3¢ Barly maturity, trailing, green pod
38 Bean White Rice &, 1k%EP Medium maturity, erection, light green pod
39 Bean Mayflower 7, JR4EJE Late maturity, trailing, light green pod
40 Bean Saint Esprit A Oeil Rouge A, VkE#IE Medium maturity, erection, light green pod
41 Bean Contende &, 1kEEFE Medium maturity, erection, light green pod
42 Bean Royalty Purple Pods &4, #3€ Medium maturity, erection, purple pod
Yi|H England 43 Cobra HRh, BB, R4E9E Medium maturity, erection, light green pod
2 [ America 44 Cobra WP, BB, VRERFE Medium maturity, erection, light green pod
W4k, I Wuhan, Hubei 45 97-5 2455 97-5 Jiadou M, &4, 43 Late maturity, trailing, green pod
17, $LPH Shenyang, Liaoning 46 923 Mk, /42, HREEJE Late maturity, trailing, light green pod
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Source Accession Name Characteristic

127, $LBH Shenyang, Liaoning 47 KEEHMI Dazipao PR, E/E, 483€ Medium maturity, trailing, green pod
48 %1 VY22 Baizi Kidney Bean Heh, EE, (R4 Barly maturity, trailing, light green pod
49 £ 1£IUZ= 7 Honghua Kidney Bean .3, &4, {k%¢3% Early maturity, trailing, light green pod
50 UG T Zijiadouwang W, 4, %3¢ Barly maturity, trailing, purple pod
51 T Ziyu Bk, &7k, 53¢ Early maturity, trailing, purple pod
52 225 Yundou Heh, B, (R4 Barly maturity, trailing, light green pod

=M, EW Kunming, Yunnan 53 15 45 Qiangfeng 15 thEh, &, 1RZEE Medium maturity, trailing, light green pod
54 REHEGE3 S Mai, &4z, REEJE Late maturity, trailing, light green pod

Thailand Jiadouwang 3

55 Z& [E JEjH 5. Thailand Wujindou Mawh, &4, ¥Rk4E9% Late maturity, trailing, light green pod
56 21 1tPY2= 7 Honghua Kidney Bean H-3, &/, yX%¢t5¢ Early maturity, trailing, light green pod

1.3 ik
13.1 #HhBEELENT

H A kI, FC A 20 40 B 2 < 10° - mL™ (K8 BX 0.5 mg - mL™' [RIBEAE 29 (PHA %80,
AL LURRRE S 8 NUR BEBL FEAE PR UES M, BRI I i JE0 S 20 40 M R A A0, ol Bt e A e
M4k o 3 MU AEGY S 50 AT RE S, FRELATIE 10 g, IINBER SR 220 (PBS ¥, 0.075 mol - L,
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PERYR 15 min, H#EAM 2 h, FZERRAFNFER . S0 R SAE 73032 3 k. HL 40 pL
IR IE T i E3S R NBEAR R AL, 2815 THE, I 20 pL 5% B SiE—IK 4/, 80 uL i
%, 60 “C/K#t 15 min, VK# 5 min, JOA 200 pL 9K SR o BEFRAL 552 530 nm. 560 nm A1 590 nm
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FREL 3 g SRR IESEA), TN 50 mL Z803/K, UL BE R 30 min, 2500 10 min, B35 00
AN 50 kD HEIEE AT ENE, BRI BRI IERE S R 3 IR
¥ 27.0 mg JHEEE AREA T 2 ALE SR, EAZE 100 mL, {E A& fEXAE TN 3 mL 2
WK, BEE PRI S mL RKHR - L - Ri2IR - AHEEIR % (L-BAPA) Wik, & T 37 C/Kih
10 min, 23BN 1 mL BEER (ABEHE 598, 25 A I 2 mL 3% N 5.3 mol - L M Z IR, I
T8 000 - min™ B0 10 mine BIKAEZHHE, 410 nm B FIE L RBOGRE . b bRk il &
RIS ARRUEE I E 25 (Ar - Abr) MAE 0.380 + 0.050 YU IR BE S I E 454 S FIRE
25 N IR, A R A R TS A 96 0 N R K VA VR R S R T, A A L TR A )
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B 1.5 g SEGEEEAI2E, N 25 mL 100 g - L BMAN—E612, 25 CHR%HLEC 2 h, 8000 r - min™
B0 10 min, HCETE AR BEOSETIEESERE A2 PR 3 Ik B 15 mL FFE SIS, A 1 mL
30 g- L' NaOH, JI/KEZAE 30 mL, WA)G LB FAcHutE, i 1 mL-min”, FRESEEESE, LLO.T
mol - L™ NaCl ¥ E i As 8k, WA E AT 25 mL iR P& . BHIE N 1.4 mg - mL™ 1)
TR, 4% 8 ANIRIEREE IARMER: FEIEIINN 2.5 mL = 5L B—RE KR I NV (15
g TS K IR+ 1.5 g FeCls, ZKMR/KIEMRITE 2 E 500 mL, 1F A&, T RTHRE 10 %) F1 2.5 mL
K, VR&2J, 30001 min B0 10 min. HCE 20 min, 500 nm I 2 WG

14 HBERUHDMITE

Hr B Excel AR M HTRAESE M 72T MR T AR M@ id DPS 7.05
BAFE R J7 2=, SRS ebbl e, B0 3T Duncan’s Hr 2 21570 b . 4 4 Ff
PUE TR T P IR E ELRAH OG0 AT o X 4 TR AR B 2 A E AR AL AR B CERAE, (IR
FILEAT), S S FRAN 4 TR bRpR AL Bt S B a f b (3L 56 17, 4 1)), did DPS #AF, KA
W PR 8 2 B 221 R REA T 2R, R 2 PR T
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2012 FEA1 2013 FEAIRIR) 56 ST E] 4 FHPUE IR AR REA S 2013 FEEFAL
ML RINTR 20 HESIERM, KO MPEAR 4 BibuE IR 7K 2 R w2, RIH
IR S I R B A 2 AR

YA S A G AR A S, M 1743 mg - g, R REUAF] 108.898% (F
2). R (10.850mg - gD (RG] EEEK 40 SR, AL 0.025mg - g ") KL
97-5 B85 (45 5). FETHYIRE F5 m/K P ISE S B o0 Ao th 26 Sk 2L ARE S bE (B 1,
A), (HETIEARH IS, B4R H R (48 A, 5 85.71%) M AnfEfEidr (0.5~2mg-g'),
H RS . [FRGET LA, fWE (4~5mg-g') FE (9.8 mg- g™ BLE) XI55 5 | 7 43
AT 3 AR 2 ARG BRARK IR (0.5 mg - @' LLR) 04T 3 AN, R L3E R SRR A
WKTAE 1743 mg - @' Ze A7, SRR ARG, i b T Loy 4 AN BSR4, R BE T LA
TEE UK R, AT B 3 H AR AR 22 K PR AR B AR v PRl B 1 Ay =5 &2l s A
(L FH LAt e P 0 U

56 N M REA SR S KOS (0.966 ~ 7.856 mg - gD BUK, BME A 3.730 mg - g (%
2)o TR G AR AT i LI IELL M (1, B), TR, 80.35%[K &l
AAE 2 ~5Smg - gl XIK, A 10 MR AAEFACE R, 1A SRS R AR,

S R ) JBE R A I RIS P A A B, BB 1.680 mg - g, ARWECA 0.016 ~ 15.947
mg - g (£ 2). FETIHIEHEACT 28 G AR o A it 22 8 ph I gL (|1, ©, (AR E
W 2, 48 NSET AT (MR 85.71%) 75 0.1 ~ 4.0 mg - g IXISIELL 400, 4 4 AN SR e =G
PE (4.0mg-g' BLE) ZpAn XAl Wi oA, AT 4 AN ATERAGETE (0.1 mg - g AT X
DRI, % S b P JB 2R A B TS R AT 22D T Lo ol 6 AN B S 21



Shang Rui, WuHua, Guo Rui, LiuQin, PanLei, LilJia-nan, Hu Zhi-hui, Chen Chan-you.
The diversity of four anti-nutritional factors in kidney bean.
2168 Acta Horticulturae Sinica, 2015, 42 (11): 2163 -2173.

®2 HEREFMRAEFETAREMHNELER

1

Table 2 The results of anti-nutritional factors level of common bean cultivars tested in this study mg-g
ETRSS TSR 22 & B JI A A ) RS
Accession Content of lectin Content of saponin Activity of trypsin inhibitor ~ Content of phytic acid
1 1.462 £+ 0.009 2.623+0.017 2.522+0.027 3.215+0.005
2 1.439 £0.001 3.144 +£0.029 0.709 = 0.005 2.915+0.007
3 1.706 £ 0.022 3.629 +£0.029 0.454 +0.007 3.067 +£0.005
4 0.595+£0.011 7.449 £+ 0.049 1.009 £+ 0.002 2.949+0.013
5 1.463 £0.009 4.241 +0.028 0.103 +£0.001 2.797+0.012
6 4.361 +0.004 3.697+0.113 0.745 +0.001 2.789+0.010
7 1.162 £0.015 3.023£0.012 1.092 +0.002 3.115+£0.020
8 0.690 £ 0.066 3.471 £0.065 1.863 = 0.006 3.364+0.014
9 1.096 £0.036 5.836 £0.047 0.016 =0.001 2.941 +0.007
10 0912 +£0.027 3.367 £0.043 0.792 +£0.028 2918+0.016
11 0.736 £0.012 4.159 + 0.086 0.463 +£0.001 3.007 £0.019
12 1.637 £0.017 6.105+0.100 0.818 £0.001 2.952+0.015
13 1.318 £0.031 4,448 +0.031 0.195 +0.004 2.971+0.020
14 1.375 £0.009 3.792 +£0.024 0.055+0.001 3.012+0.007
15 1.460 £0.013 4,129 + 0.063 4.296 + 0.051 3.714 £ 0.028
16 1.510 £0.021 5.231+0.089 0.020+0.00 1 3.039+0.018
17 1.357 £0.041 3.948 £0.018 1.031 +0.009 3.157+0.014
18 1.318 £0.050 2.810+0.018 2.895+0.011 3.640 +0.002
19 1.280 £0.036 4.057 £ 0.087 0.416+0.017 3.023 +£0.034
20 1.653 £0.033 7.856 +£0.068 0.381 +£0.002 3.105 +0.003
21 1.461 £0.006 4.153 £ 0.069 0.355+0.013 2.821+0.014
22 1.770 £0.030 3.216 £0.022 0.621 +£0.005 2.876 +£0.007
23 1.260 £ 0.003 4913 +0.059 0.030+0.00 3 2918 £0.008
24 1.166 £0.013 4.041 +0.022 1.849+0.012 2.301+£0.071
25 1.329 £0.002 3.309 +£0.058 1.025 +0.007 2.065+0.018
26 0.515+0.010 3.942 +£0.069 2.088 +£0.004 2.690+0.015
27 1.338 £0.010 2.381 £0.042 0.783 £0.013 2.701 +£0.007
28 0.921 £0.071 6.113 +£0.085 2.294 +0.004 2913+0.011
29 1.454 £0.007 5.239+£0.096 2.145+0.020 3.659+0.030
30 1.281 £0.013 2.780 £ 0.055 0.199 +0.005 2.866 +0.020
31 1.279 £0.035 3.856 £0.105 0.724 +£0.003 2.869 +0.004
32 1.460 £ 0.020 2.293+£0.015 1.807 £0.012 3.091+£0.010
33 4.999 +0.003 0.966 +0.037 0.646 +0.001 2.999 + 0.005
34 1.653 £0.019 2.334+£0.016 0.591 +£0.003 2.800 +0.020
35 1.707 £0.034 2.028 £0.024 0.689 +0.001 3.183 +£0.024
36 1.045 £0.007 3.853 £0.044 1.011 £ 0.008 3.078 £0.010
37 1.540 £0.026 2.137£0.050 1.782 +£0.030 3.231+0.006
38 9.829 £0.126 2.032+0.054 2.500 £ 0.008 3.564 +£0.039
39 1.229 £0.004 3.382+0.013 1.537 £0.031 3.299+0.016
40 10.850 £ 0.112 2.570 £0.043 10.000 £ 0.185 4.039 + 0.007
41 1.337 £0.031 7.059 +£0.130 7.092 +£0.026 5.120 £ 0.053
42 1.365 £0.004 2.140 £0.034 0.331£0.007 2.957+0.009
43 1.736 £0.018 2.545 £ 0.046 1.054 +0.007 2918 +0.015
44 4.392 +0.008 6.965 +0.032 15947 £0.164 4,986 +0.015
45 0.025 +£0.003 3.287+0.070 0.336 £0.003 2.727 £ 0.041
46 1.465 £0.024 5.770 £0.039 0.194 +0.004 2.941 £+ 0.006
47 0.900 £0.010 2.314+£0.013 1.261 £0.012 3.049 +0.003
48 1.880 £0.044 2.315+0.035 2.925+0.141 3.139+0.032
49 1.372 £0.002 3.152+£0.057 2.424 +0.003 3.275+0.006
50 1.608 +£0.023 2.454 £ 0.066 0.622 +0.003 2.966 +0.023
51 0.673 £0.027 4,047 +0.141 2.974 +£0.041 3.663+0.010
52 1.078 £0.004 4,538 +0.035 0.753 £0.004 2918+0.016
53 0.429£0.014 2.075+0.013 1.901 £0.020 2.687+0.013
54 0.039 £0.002 3.087+£0.013 0.362 +0.004 2.768 £ 0.007
55 1.718 £0.019 2.037 £0.062 0.473 £0.004 3.065 +0.007
56 0.981 £0.023 2.526+£0.012 2.851+0.011 2.860+0.012
#/ME Minimum 0.025 0.966 0.016 2.065
WA Maximum 10.850 7.856 15.947 5.120
BIME Average 1.743™ 3.730" 1.680" 3.102"
5 5 80% CV 108.898 40.571 153.752 16.053

VE: RS 53R 1 PSS A3, Note: The code of accession is the same to that listed in Table 1.
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56 NS PPEESE IR IR SN 3.102 mg - g, ABIE A 2.065 ~5.120 mg - g, AR R KN
h16.053%, HIRART LR 3 WHRFR AR Sk, H SRR RS E ES (GR2). SETHBAK 1)
SRR A I RIEA A (B 1, D), Tl (KT 3.102) AR, 85.71%%) ki 4:
AT 2.7 ~3.7mg - g Xal, AR SAT 7.15%[0 R A .
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Fig. 1 Frequency distribution of kidney bean cultivars based on the levels of four anti-nutritional factors
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Table 3 Correlation analysis of anti-nutritional factors content/activity

Ei TR BAF JiFE 4 A AT 1 7 sl
Index Lectin Saponin Trypsin inhibitor Phytic acid
MY EFE Lectin 1

21 Saponin 0.179 1

JBE AR (BENAIF Trypsin inhibitor 0.466" 0.206 1

Hil% Phytic acid 0.365" 0.290" 0.789" 1

VE: *F, fEP=0.01/KF D EEFMI; *, 4EP=0.05 K UMD B,

Note: ** or * demonstrates correlated extremely significantly and significantly between two indices.
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ARPEREE (B 2). MERICEEEY 10 I, FET 4 Fhpid 75 8 1 ACE SR A E KN, 56 135
A AP ET CARI G Ky 3 AN SRR B RAEAE M 8 AN AR E T, BT 45, 95, 125, 16
5205, 235, 28 S 46 TN, JE T HUE IR T A AR d R4, 28 oA A6 R
TIPSR S A S b, DLRh B S 2 WRBELL, R T hUgFRE 785K
(1) 44 ASELFR, S ZREFI 78.57%, PR 2 Tl B RO B AR A S R ) R AR AT, SRR T AR
MBI B 7 AN EIEE T SOMEEITH 4 AN SRS, BI 38 5 40 5. 41 551 44 5 5, 3
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Fig. 2 Cluster analysis of 56 cultivars of kidney bean based on anti-nutritional factors level

The code of accessions is the same to that listed in Table 1.
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N R FBE RV TAREMR . Fr=tE, 3. TR —BCE IR 5, BRIk
PRI, AT R P 2 AR AL 22 oy T S 2 VP R 75 E R A I B F R FE2> . F
JEILT R s, HIR oK (57 %5, 2011) 2Rk 22 S S R E Bl Rl H 5
25, KR TARPRE G a2 e 2 m B ARIIEREE T AR PPN A B R s 7= A
TR, il BEA DB AR, 2 i o HERIE, JERereRimta W
R EAEAS, A DR R S S PUE IR P AP AR 3

AW BT 56 B HARGR M A £ 3 S AT, B H AT ELE A A 4 R s 37 R /K P (g
= 2, 2006, RUAEHPIEAEZ . B (EFRERO. B B R . Wi R 5, A
hy e R IR o] AR e 2 A SE SR rh AR E R o, bR 2. R il e
PAHLL, WTRATEIRANRE E B CEEREM T, 2008) RUMIE, W HMA R (IMIF 45, 1986; 2=
FMFFITRGR, 200900 K EEbRAL = KIEHAT B S millE, R E N Rese 2 MEAR I, H
WEG T Ay e VA E I F K R B AR R AR E X 8 (T, 20060 . £EH bR
GB/T21498-2008 (K il ity H g £ 1 B il 500s P Al o 1.0 AO2EmE B, Il 52 7 B A 1 I o)
FUTEPE S OTRE ARV 1) 1) 2 v A B Joe 2 T R 7 23 7554 7 975 ~ 21 500 Da, 3400 7 4LAEN 3 1
50 kD EUEE IR, WA LRI TR, BRACT L, TS R R TE. A, S HE
Fr GB/T5009.153-2003 AE )1 £ it HRE R FR) I 7 V2 U SO PR 7 et ), 0 3 B B 1) S 4 B
WIAT T4k

ERYIPUE RN TACEIIN RIR 2, AR (2009) IRFFERD, 9 AR E I
MEEFEE =T 6 HRGERISK S . Angela A1 Domenico (2003) FIRFFTRH, =5 A 1 BRI &
EEMPFNEARG R, RREOUIERFR DI, 47 (2006). EFEAHE% (2009). Chang
F1 Park (1980) S54RIE, K B8 RN S IR AR =W & 5 52 #5055 4 A%, th4h, Lott 45 (2000)
W HELY) SRR AR % 1 5 IR P R B 7K AR O AR S BG S il I 2012—2014 4F W] 1056 FHll 52
WRW, F—@AAREG . ANFZERRRER, B G I 4 Rk AR = B A AT,
R SRR AR AP AR A AR — S RN =G, AN FRTALRTUR & W BEhUs 72 81K
K . B R BB TR b, SRHEYI R BRRN 240, mE 2R RSERR A
— b R A AR R R A e 2 (Herman et al., 1988). KEISCHEM, ~j2h (e
KA, 20100 AEEE CFERNME, 2008). A HE CHEA 55, 2010) SERE4) g o w77 F1
AR G N S A TR R . ASEIR S G AN S S S B . MR AT
PRI T T e, WU RIS TR R, A R PUE IR TP AR B A OG, W
PR 7K 3 AT &2 S [ 7K F-

TRPUE TR /K IR T BRI 3R B R SOE R H bR, mKF 2R A 55 vER s T
TR A B EE] (Carlini & Grossi-de-Sa, 2002). ZEAE%E (2015) EBRAFHUE TR 1K
PRI R BRI /N B B I M AR K RN BROREG, d TR T R T, SR WA A
EFEF OGN EERNER, BEABMEIFIR LS EEH] . NARE, 4 FyrssRmr
IKAPAE 56 U FUTTIa] e B0 H B4 Z AR, A (RAK PR A (R it Pl T A7 A AR H (R R, ISE[E
SIREM 40 51 38 5 AE IR AR S S SR A B AT R R PO ORI, R R LB R R T K
LR A AT REAR DG SR AE AL 25 7K1 5 R 1 R ) AP S ARG, R h A
L E HEE AR B K, SXCRBLEFRERR = HH (A1 P Sk (0 P i TR A9 . H T ERE— 28
B EREE SR AR, VR AR SR A R s b TAE A B 2 K i, Al E e
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